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$GDSWDELOLW\LQHQHUJ\ V\VWHPV ',$0 WR VWXG\ WKHTXHVWLRQ6KDOOZHZDLW
DQRWKHUGHFDGH EHIRUH WDNLQJ FRVWO\ PHDVXUHV WR FXUE JUHHQKRXVH JDVHV
HPLVVLRQV8VLQJ SULPDULO\ 0DWKHPDWLFD ZH KDG WR XVH DOVR WKH *$06
ODQJXDJHQRWRQO\WREHXQGHUVWRRGE\RWKHUUHVHDUFKHUVLQRXUILHOGEXWDOVR
WRJDLQ DFFHVV WR D SRZHUIXO QRQ OLQHDU FRQVWUDLQHG RSWLPLVDWLRQ VROYHU ,W
VHHPVXUJHQWWREULGJHWKHJDSEHWZHHQWKHVHNLQGRIVROYHUVDQG0DWKHPDWLFD
EHFDXVHZKHQ RQH EXLOGV PRGHOV RI FRPSOH[ V\VWHPV LQWHUWHPSRUDO
RSWLPLVDWLRQLVRIWHQSUHIHUUHGWRUHFXUVLYHVLPXODWLRQ
,QWURGXFWLRQWRWKHLVVXHRIFOLPDWHFKDQJH
7KH,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH LQWURGXFHV WKH LVVXH RI
FOLPDWHFKDQJHDVIROORZV'XULQJWKHSDVWIHZGHFDGHVWZRLPSRUWDQWIDFWRUV




RIJUHHQKRXVH JDVHV ZKLFK WHQG WR ZDUP WKH DWPRVSKHUH DQG LQ VRPH
UHJLRQVDHURVROV PLFURVFRSLF DLUERUQH SDUWLFOHV ZKLFK WHQG WR FRRO WKH
DWPRVSKHUH7KHVHFKDQJHVLQJUHHQKRXVHJDVHVDQGDHURVROVWDNHQWRJHWKHU
DUHSURMHFWHG WR FKDQJH UHJLRQDO DQG JOREDO FOLPDWH DQG FOLPDWHUHODWHG
SDUDPHWHUVVXFK DV WHPSHUDWXUH SUHFLSLWDWLRQ VRLO PRLVWXUH DQG VHD OHYHO
6HFRQGVRPH KXPDQ FRPPXQLWLHV KDYH EHFRPHPRUH YXOQHUDEOH WR KD]DUGV
VXFKDVVWRUPVIORRGVDQGGURXJKWVDVDUHVXOWRILQFUHDVLQJSRSXODWLRQGHQVLW\
LQVHQVLWLYH DUHDV VXFK DV ULYHU EDVLQV DQG FRDVWDO SODLQV 3RWHQWLDOO\ VHULRXV
FKDQJHVKDYH EHHQ LGHQWLILHG LQFOXGLQJ DQ LQFUHDVH LQ VRPH UHJLRQV LQ WKH
LQFLGHQFHRI H[WUHPH KLJK WHPSHUDWXUH HYHQWV IORRGV DQG GURXJKWV ZLWK








LVQRW WKUHDWHQHG DQG WR HQDEOH HFRQRPLF GHYHORSPHQW WR SURFHHG LQ D
VXVWDLQDEOHPDQQHU
6WDELOLVDWLRQRI JUHHQKRXVHJDV FRQFHQWUDWLRQV LPSOLHV VZLWFKLQJ IURP
WKHSUHVHQWJURZLQJHPLVVLRQVWUHQGWRDGHFUHDVLQJHPLVVLRQVSDWK7KDWUDLVHV
PDQ\FRPSOH[ LVVXHV WKDW FDQ








UHIRUPLQJWKH HQHUJ\ V\VWHP ZLOO EH HDVLHU 6HFRQG GLVFRXQWLQJ PDNHV WKH
SUHVHQWYDOXHRIDQ\FRVW LQFXUUHG OHVV LI LW LVGHIHUUHG7KLUGDQG ILQDOO\ WKH
H[LVWLQJLQVWDOOHG SK\VLFDO FDSLWDO VWRFN LPSOLHV WKDW DQ\ UHIRUP VKRXOG VWDUW
YHU\VORZO\WKHUHLVLQHUWLDLQHQHUJ\V\VWHPV%XWEHFDXVHWKHFOLPDWHV\VWHP
LVQRQOLQHDUZHH[SHFWVXUSULVHVUHJDUGLQJWKHPDJQLWXGHRIFOLPDWHGDPDJH
6RWKHFKRLFH LQYROYHVEDODQFLQJ WKHHFRQRPLF ULVNVRI UDSLGDEDWHPHQWQRZ
WKDWSUHPDWXUH FDSLWDO VWRFN UHWLUHPHQW ZLOO ODWHU EH SURYHQ XQQHFHVVDU\
DJDLQVWWKHFRUUHVSRQGLQJULVNVRIGHOD\WKDWPRUHUDSLGUHGXFWLRQZLOOWKHQEH
UHTXLUHGQHFHVVLWDWLQJSUHPDWXUHUHWLUHPHQWRIIXWXUHFDSLWDO












MRXUQH\WKURXJK WKH VXFFHVVLYH YHUVLRQV RI WKH PRGHO D SDWK WKDW OHG XV WR
FRPSOHPHQW0DWKHPDWLFDZLWKDQRWKHUSURJUDPPLQJODQJXDJH*$06
',$0IXOO\ GHILQHG  FRPSXWHV WKH HPLVVLRQV UHGXFWLRQ SDWK
[WWWKDWPLQLPLVHVWKHGLVFRXQWHGVXPRIWKHWRWDOFRVWDVVRFLDWHGWRWKH
JUHHQKRXVHLVVXH ,W KDV ILYH SDUDPHWHUV DQ RSWLRQDO SDUDPHWHU DQG DQ
HQGRJHQRXVYDULDEOH 7KH RSWLRQDO SDUDPHWHU UHI(PLVW UHSUHVHQWV WKH &2
HPLVVLRQVLQ D VFHQDULR ZLWKRXW LQWHUYHQWLRQ WR UHGXFH JUHHQKRXVH JDVHV
HPLVVLRQVWKH\ DUH SURMHFWHG WR JURZ DW D UDWH RI  D \HDU IURP WKH 
ILJXUHRI*LJDWRQV7KHHQGRJHQRXVYDULDEOHLV[ LWV LQWHUSUHWDWLRQLV WKDW
&2HPLVVLRQV DW GDWH W DUH JLYHQE\  [W UHI(PLVW 3DUDPHWHUVKDYH
GLIIHUHQWHFRQRPLF LQWHUSUHWDWLRQV UHODWHG WRGLVFRXQWLQJ GLVFRXQW WHFKQLFDO
SURJUHVVWHFK3URJ WKH FRVW RI UHGXFLQJ&2 HPLVVLRQV D DQGE DQG WKH
GDPDJHRIFOLPDWHFKDQJHF





OLQHZLWK ORQJGDVKHV UHSUHVHQWV WKHGLVFRXQW UDWH FDVH+LJKGLVFRXQWLQJ
GHFUHDVHWKH LPSRUWDQFH RI WKH IXWXUH DQG WKHUHIRUH RI FOLPDWH GDPDJH ,W LV
WKHUHIRUHQDWXUDO WR ILQG D FXUYHEHORZ WKH FHQWUDO FDVH ,W LV DOVR VHQVLEOH WR
ILQGWKDW ZKHQ FOLPDWH GDPDJHV F DUH GRXEOHG RSWLPDO UHGXFWLRQ LQFUHDVHV
VLJQLILFDQWO\WKLQFRQWLQXRXVOLQH:LWKDODUJHUUDWHRIWHFKQLFDOSURJUHVVWKH
FRVWVRI UHGXFLQJ HPLVVLRQV GHFUHDVHV RYHU WLPH DQG WKHUHIRUH WKH RSWLPDO
UHGXFWLRQSURJUHVVLYHO\LQFUHDVHVGDVKHGOLQHVKRUWGDVKHV)RUPRUHGHWDLOV
WKHGLVFXVVLRQ DERXW LQHUWLD DQG DGDSWDELOLW\ DQG KRZ WKH YDOXHV LQ  ZHUH
GHILQHGVHH*UXEE	DODQG+D'XRQJ	DO
)LUVWZH VROYHG WKH PRGHO DQDO\WLFDOO\ XVLQJ YDULDWLRQDO FDOFXOXV :H
DSSUHFLDWHGPXFK WKHDGDSWDELOLW\RI0DWKHPDWLFD ,Q WKHEHJLQQLQJ LW OHWXV
GHILQHRSWLPLVDWLRQSUREOHPZLWKPDQ\VLPSOHFRPPDQGV,QWKHHQGXVLQJWKH
DSSURSULDWHSDFNDJH OHG XV WR WKH YHU\ FRQFLVH IRUPXODWLRQ RI  7KLV ZD\
0DWKHPDWLFDKHOSHGXVWRXQGHUVWDQGWKHERRNVDERXWRSWLPLVDWLRQWKHRU\DQG
DERXWGLIIHUHQWLDO HTXDWLRQV 5HJDUGLQJ 0DWKHPDWLFD DV DQ LQWHJUDWHG
PRGHOOLQJHQYLURQPHQW ZH IRXQG LW HDVLHU WR XVH WKDQ VSUHDGVKHHWV ZKHQ LW
FDPHWRGUDZSORWVWKDWFRPSDUHGWKHUHVXOWVRIVHYHUDOPRGHOUXQV
6HFRQGZH VROYHG QXPHULFDOO\  $OWKRXJK WKH PRGHO GLG VDWLVI\ XV LQ
UHSUHVHQWLQJWKH GLVFXVVLRQ DERXW LQHUWLD DGDSWDELOLW\ DQG WHFKQLFDO SURJUHVV
ZKHQZH VXEPLWWHG IRUSXEOLFDWLRQ WKH UHIHUHHVDUJXHG WKDWZHKDG WR MXVWLI\
RXUFKRLFH RI DQ DQDO\WLFDOO\ H[DFW VROXWLRQ RYHU D QXPHULFDO VROXWLRQ
6XUSULVHGDW ILUVW ZH VRRQ UHFRJQLVHG WKDW QXPHULF RSWLPLVDWLRQ KDV UHDO
DGYDQWDJHV%HLQJPXFKOHVVUHVWULFWHGLQWKHVKDSHRIIXQFWLRQVLQWKHPRGHO
DOORZVWRUHOD[PDQ\XQQHFHVVDU\K\SRWKHVLV:HXVHG0DWKHPDWLFDZLWKWKH
JRDOWR LQWHJUDWH HYHU\WKLQJ IURP WKHQXPHULF YDOXHV WR WKH JUDSKLFV LQ RQH
ILOH8QIRUWXQDWHO\ ZH FRXOGQ
W DFKLHYH WKDW JRDO :H PLVVHG PRVW LQ
0DWKHPDWLFD D ZRUG SURFHVVRU WKDW FRXOG KDQGOH PDWKHPDWLFDO ZULWLQJ







0DWKHPDWLFDOO\WKDW OHDGV WR WKH WKHRU\RI VWRFKDVWLFG\QDPLFSURJUDPPLQJ
3U0DQQHKHZDVDEOHWRTXLFNO\UHZULWHRXUPRGHOLQWKDWIUDPHZRUN+HXVHG
WKH*HQHUDO$OJHEUDLF0RGHOOLQJ6\VWHPGHVFULEHGE\%URRNH	DONQRZQ
DVWKH *$06 FRPSXWHU ODQJXDJH 7KDW KLJK OHYHO ODQJXDJH LV VSHFLDOLVHG
HIILFLHQWDQGDOORZVWRVSHFLI\RSWLPLVDWLRQSURJUDPVLQDIRUPHDVLO\UHDGDEOH
E\PRVWKXPDQHFRQRPLVWV
)RXUWKZH UHZURWH FRPSOHWHO\ ',$0 ZLWK 0DWKHPDWLFD DV D FRVW
FRQVWUDLQWDQDO\VLVZLWKXQFHUWDLQW\%XWWRDFHUWDLQH[WHQG*$06ZRUNV
PRUHOLNHPDJLFWKDQOLNHPDWKHPDWLFV7KHUHDUHQRJDUDQWHHWKDWWKHRSWLPXP















SDUWVSHUPLOOLRQ LQ YROXPH SSPY DV WKHSUHLQGXVWULDO OHYHOZDV DERXW 
SSPY3UHVHQW&2FRQFHQWUDWLRQLVSSPY,WZLOO LQFUHDVHPRUHDVPDQ\
















)LJXUH 7KH JRG -DQXV ORRNLQJ DW WKH SDVW DQG WKH IXWXUH DW WKH VDPH
WLPH
:HH[DPLQHG WKHTXHVWLRQRI WKH WLPLQJRIDFWLRQDJDLQVWJOREDOZDUPLQJE\
EXLOGLQJDPRGHOGUDZLQJERWKIURPHFRQRPLFVDQGFOLPDWRORJ\7KHEXLOGLQJ




EHWZHHQWZR WUDGLWLRQV WKH WUDGLWLRQ RI QDWXUDO VFLHQFHV HVSHFLDOO\ SK\VLFV
HVWDEOLVKHGIRUPRUH WKDQ WKUHHFHQWXULHVDQG WKH WUDGLWLRQVRI VRFLDO VFLHQFHV
ZKLFKDUHRQO\DURXQG\HDUVROG
7KHILUVWWUDGLWLRQGHVFULEHVSK\VLFDOSKHQRPHQDWKDWFDQEHTXDOLILHGDV
SXVKHGE\ WKH SDVW 7KHVH DUH WUHDWHG LQ WKH IUDPHZRUN RI GLIIHUHQWLDO
HTXDWLRQVRU ILQLWH GLIIHUHQFH HTXDWLRQV 7KH\ DUH DFFHVVLEOH WKURXJKPRGHOV
ZKHUHWKHIORZRIWKHFDOFXODWLRQIROORZVWKHQDWXUDOWLPH*LYHQWKHVWDWH
RIWKH V\VWHP DW GDWH  VWDWH DW GDWH  LV FRPSXWHG ILUVW WKHQ GDWH  LV
H[DPLQHGUHFXUVLYHO\XS WRGDWH7 ,Q WKH VHFRQG WUDGLWLRQ WKHSKHQRPHQD
DUHGULYHQE\WKHIXWXUH,QHFRQRPLFVDQGKXPDQDIIDLUVWKHUHLVRIWHQFR
RUGLQDWLRQOLNHJHQHUDO HTXLOLEULXP WKHH[LVWHQFHRIDQWLFLSDWLRQVRUDJRDO
6XFKSKHQRPHQD FDQ EH EHVW VWXGLHG LQ WKH FRQWH[W RI LQWHUWHPSRUDO
RSWLPLVDWLRQZKHUHDQRSWLPDOSDWK LVFRPSXWHGJOREDOO\ WDNLQJLQWRDFFRXQW
LQLWLDODQG ILQDO FRQGLWLRQV DV ZHOO DV OLPLWHG UHVRXUFHV FRQGLWLRQV )URP D
FRPSXWDWLRQDOSRLQWRIYLHZWKHVROXWLRQLVVRXJKWXVLQJWKHYHFWRURIVWDWHV9
 66677KHQXPEHURIJHQHULFHTXDWLRQVFDQEHVPDOOEXWPXOWLSOLHG
E\WKH QXPEHU RI WLPH SHULRGV SUREDELOLVWLF RXWFRPHV DJHQWV SURGXFWLRQ
WHFKQRORJLHVDQG HFRQRPLF JRRGV WKH\ FDQ JHQHUDWH D ODUJH QRQ OLQHDU
RSWLPLVDWLRQSUREOHP
7KHTXHVWLRQRI WKHPDJQLWXGHRI JOREDOZDUPLQJ LOOXVWUDWHV D W\SLFDO
SK\VLFDOSKHQRPHQD SXVKHG E\ WKH SDVW 7KH TXHVWLRQ RI EXLOGLQJ
LQWHUQDWLRQDOFRRSHUDWLRQ WR UHGXFH SROOXWLQJ HPLVVLRQV LV GULYHQ E\ WKH
IXWXUHEHFDXVHDQWLFLSDWLRQVSOD\WKHPDLQUROHLQLW0RGHOVDERXWHFRQRPLF
UHVSRQVHVWR WKH LVVXH RI JOREDOZDUPLQJ QHHGV WR LQWHJUDWH KXPDQ DFWLYLWLHV
GHPRJUDSK\JURZWK WKH HQHUJ\ VHFWRU DJULFXOWXUH IRUHVWU\  ZLWK WKH
HYROXWLRQRI WKH  WHUUHVWULDOHQYLURQPHQW WKHFOLPDWH WKHFDUERQF\FOH%\




SROLF\RSWLPLVDWLRQ PRGHOV LQWHUWHPSRUDOO\ FDOFXODWHG DQG XVXDOO\ UDWKHU
FRPSDFWDV',$0',&(1RUGKDXVRU0(5*(0DQQH	5LFKHOV
3ROLF\DQDO\VLV VLPXODWLRQ PRGHOV UDLVH SUREOHPV ZKHQ LW FRPHV WR
DQDO\VLVZLWK VFDUFH UHVRXUFHV OLNH IRVVLO IXHO UHVRXUFHV RU HQYLURQPHQWDO
FRQVWUDLQWVOLNH D FHLOLQJ RQ &2 FRQFHQWUDWLRQ 7KH\ WHQG WR OHDG WR




SRZHUIXOVROYHUV7KHUH DUHPDQ\GLIIHUHQW VROYHUV HDFK DGDSWHG WR GLIIHUHQW





DQGWKH V\PEROLF PDWKHPDWLFV LV D ELJ REVWDFOH WR WKH SHQHWUDWLRQ RI
0DWKHPDWLFDLQ WKH ILHOGV RI JHQHUDO HTXLOLEULXP HFRQRPLFV DQG LQWHJUDWHG
DVVHVVPHQWRI WKH HQYLURQPHQWDO LVVXHV ,I0DWKHPDWLFD ZL]DUGV DQG VROYHUV
VSHFLDOLVWVJRW WRJHWKHUZHKDYHQRGRXEW WKDW WKH\FRXOGZULWHDSDFNDJH WR
JLYHDFFHVVWRWKHSRZHURIIRUH[DPSOH0,126IURPZLWKLQ0DWKHPDWLFD
%ULGJLQJWKH JDS ZRXOG EH D JUHDW KHOS LQ RXU HYHU\GD\ UHVHDUFK ,W
ZRXOGDOVRIDFLOLWDWHDEHWWHUVWXG\RIWKHPDWKHPDWLFDOVWUXFWXUHRIPRGHOVLQ
WKHVSLULWRIDQDO\VLVFRQWUROWKHRU\WKHRU\RIYDULDWLRQVHWF0RUHJHQHUDOO\
VXFKDQ HYROXWLRQ ZRXOG DOORZ WR EULQJ FORVHU SROLF\ DQDO\VLV VLPXODWLRQ








LQRXU ILHOG EXW DOVR WR JDLQ HDV\ DFFHVV WR SRZHUIXO QRQ OLQHDU FRQVWUDLQHG
RSWLPLVDWLRQVROYHUV 7KDW SRLQW VKRZV WKDW ZH VWLOO QHHG D OLQN D EULGJH
EHWZHHQ0DWKHPDWLFD DQG WKHVH VROYHUV 7KLV QHHG DULVHV EHFDXVHZHPRGHO
FRPSOH[V\VWHPV ZKHUH WKH IXWXUH QRW RQO\ WKH SDVW PDWWHUV &DQ
0DWKHPDWLFDEH WKH XQLYHUVDO PRGHOOLQJ HQYLURQPHQW ZH DOO ZDQW ZLWKRXW
LQFOXGLQJIDFLOLWLHVIRULQWHUWHPSRUDORSWLPLVDWLRQ"
5HIHUHQFHV
,QWHUJRYHUQPHQWDO3DQHO RQ &OLPDWH &KDQJH $GGUHVVLQJ WKH 81)&&&
DUWLFOH &KDSWHU  ,3&& VHFRQG DVVHVVPHQW V\QWKHVLV RI VFLHQWLILF
WHFKQLFDOLQIRUPDWLRQ UHOHYDQW WR LQWHUSUHWLQJ DUWLFOH  RI WKH 81
)UDPHZRUN&RQYHQWLRQ RQ &OLPDWH &KDQJH HG 8QLWHG 1DWLRQV
(QYLURQPHQWDO3URJUDPPH DQG :RUOG 0HWHRURORJLFDO 2UJDQLVDWLRQ
*HQHYD
*UXEE0 - &KDSXLV 7 	 +D'XRQJ 0 7KH HFRQRPLFV RI FKDQJLQJ
FRXUVH ,PSOLFDWLRQV RI DGDSWDELOLW\ DQG LQHUWLD IRU RSWLPDO FOLPDWH
SROLF\(QHUJ\3ROLF\$SULO0D\YQ
+D'XRQJ0 *UXEE 0 - DQG +RXUFDGH -& 2Q &2 FRQFHQWUDWLRQ
WDUJHWVLQHUWLDXQFHUWDLQW\DQG WLPLQJRIDFWLRQDJDLQVWFOLPDWHFKDQJH
ZRUNLQJSDSHUXQSXEOLVKHG
%URRNH$ .HQGULFN ' 	 0HHUDXV $ *$06 $ 8VHUV
 *XLGH 7KH
6FLHQWLILF3UHVV5HGZRRG&LW\&DOLIRUQLD
9DULDQ+ HG (FRQRPLF DQG )LQDQFLDO 0RGHOLQJ ZLWK 0DWKHPDWLFD 
7(/266SULQJHU9HUODJ
&XOLROL-&PXOWLSOLP7KH0XOWLSOLHU0HWKRGSDFNDJH IRUPLQLPL]DWLRQRI

































)LJXUH 3ORW RI WKH UHVXOWV 6HW2SWLRQV IRU SORW EHORZ DUH QRW VKRZQ
3ORW>^D>W@E>W@F>W@G>W@H>W@`^W`@
